Introduction. Tropheryma whipplei is the causative agent of Whipple's disease. Gastrointestinal and lymphatic tissues are affected in the majority of cases, resulting in diarrhoea, malabsorption and fever. Here, we report a rare case of ocular manifestation in a patient lacking the typical Whipple symptoms.
INTRODUCTION
Tropheryma whipplei is a bacterium of the phylum Actinobacteria and causes Whipple's disease (WD) [1] . The rodshaped bacterium can be visualized by electron microscopy; diagnostic identification by light microscopy fails, as T. whipplei cannot be stained with conventional dyes. Culturing is difficult; the first stable cultures of T. whipplei were established only in 2000 [2] . Standard culturing methods used in diagnostic bacteriology laboratories do not provide sufficient substrate for this fastidious bacillus.
WD was first described in 1907 by George H. Whipple and was suspected to be an infectious disease [3] . Although pathognomonic periodic acid-Schiff (PAS) inclusions in the cytoplasm of macrophages were visible in the majority of tissue samples from Whipple patients, the causative bacterium was not identified until 1992 [4] .
WD is characterized by diarrhoea, abdominal pain and arthralgia [5] . Weight loss and fever are common, which may be misinterpreted as B-symptoms. Epidemiological data are difficult to obtain for the disease; estimates on the basis of indirect evidence suggest a prevalence of about 1 : 1 000 000 and an annual incidence of one to six per 10 million inhabitants [6] . Because of the rarity of the disease, controlled randomized therapeutic trials are difficult. Therefore, antibiotic treatment strategies are often derived from long-term follow-up case reports [7] .
Among WD patients, ocular involvement is rare and is usually a late manifestation. The dimension of ocular WD is heterogeneous, and can be found as uveitis, chorioiditis, retinitis, keratitis and endophthalmitis as well as neuroophthalmological disease, often correlated with central nervous system infection [8] . Most patients with eye involvement state gastrointestinal symptoms or have been previously diagnosed with WD [9] . Here, we report a rare case of postoperative endophthalmitis in a patient lacking the typical Whipple symptoms.
CASE REPORT
A 74-year-old Caucasian female presented with a 1-2 month history of blurred vision of the right eye, accompanied by stinging pain and conjunctival hyperaemia for the last 2 days. The patient had undergone cataract surgery on the left eye 7 months earlier and on the affected right eye 4 months earlier. At time of admission she was treated with cortisone eye drops due to a purulent conjunctivitis that developed about 1 week prior to admission. A urinary tract infection had been treated with ciprofloxacin until 2 days before admission. General history included chronic lymphatic leukaemia for a period of 30 years, Parkinson's disease, status post-melanoma and post-hip replacement surgery. The patient was allergic to cotrimoxazole. 
INVESTIGATIONS
Within a few hours of admission, the patient underwent vitrectomy including vitreous biopsy. The specimen was examined microscopically and microbial culturing was initiated immediately. Culturing included plating on Columbia agar with 5 % sheep blood (bioM erieux) and chocolate agar [Becton Dickinson (BD)], and liquid culturing in thioglycollate medium (BD) and Sabouraud broth with 4 % glucose (inhouse product).
In total, 200 µl was retained and stored at 4 C for molecular testing on the following working day. Microscopic examination of the vitreous body showed neither bacteria nor fungi in the Gram stain. Microbial cultures of the vitreous biopsy remained negative for 12 days. Meanwhile, the vitreous body had undergone testing by PCR for the eubacterial 16S rRNA gene (Fig. 1a) , which was found to be positive (primers: BAK 5¢-AGTTTGATCHTGGCTCAG-3¢ and PC3mod 5¢-GGACTACHAGGGTATCTAAT-3'; anticipated amplicon size about 800 bp [10, 11] ). The result was documented with a QIAxcel ScreenGel system (Qiagen), and the amplicon was subjected to Sanger sequencing with subsequent alignment against five databases: NCBI nucleotide BLAST, leBIBI, SepsiTest, Greengenes and RDP_II [12] [13] [14] [15] [16] .
Surprisingly, sequence analysis of the product indentified T. whipplei, which was confirmed by a positive T. whippleispecific PCR (primers: pW3FE 5¢-GGAATTCCAGAGA TACGCCCCCCGCAA-3¢ and pW2RB 5¢-CGGGATCCCA TTCGCTCCACCTTGCGA-3¢; anticipated amplicon size 284 bp [4] ) (Fig. 1b) .
DIAGNOSIS
Clinical examination along with molecular testing thus confirmed the diagnosis of postoperative endophthalmitis caused by T. whipplei.
TREATMENT
Diagnostic and therapeutic pars plana vitrectomy including surgical capsulotomy, lavage of the anterior chamber and intravitreal instillation of vancomycin and amikacin were performed within hours of initial presentation.
The postoperative antibiotic regime included intravenous administration of ceftriaxone in combination with hourly topical tobramycin and ofloxacin. Prednisolone acetate eye drops four times per day and cyclopentolate eye drops twice per day were applied as supportive local therapy. Microbial cultures of the vitreous biopsy remained negative for 12 days. Screening for a source of infection included urine examination, which was sterile but positive for erythrocytes and leucocytes consistent with the pre-existing cystitis. Xray of the left hip showed no focus of infection. Due to the empirical therapy the inflammation ceased and the patient was discharged after 5 days with oralized antibiotic admission of cefpodoxime 200 mg twice a day and local antibiotic and steroidal therapy. Decimal visual acuity on the right eye had improved to 0.5 on discharge.
OUTCOME AND FOLLOW-UP
Four weeks later the patient presented for follow-up. Decimal visual acuity then was 0.8 in the right eye and 0.7 in the left eye; intraocular pressures were 13 and 14 mmHg. No intraocular inflammation was detectable, so local therapy was stopped.
During follow-up care the patient was informed about the pathogen found in the vitreous fluid, and about WD. The consequences, such as the importance of further diagnostic procedures such as lumbar puncture for cerebrospinal fluid examination and duodenoscopy to exclude multi-organ involvement of WD and the schedule for antibiotic treatment, were discussed together with the patient, her immediate family and physicians from the Department of Ophthalmology and the Institute for Hygiene and Microbiology. The patient declined further invasive diagnostic treatment because of her pre-existing morbidity; however, she agreed to empirical antibiotic treatment. In consent with the patient, we recommended a long-term-antibiotic oral therapy for treatment of WD without further diagnostic investigation. Due to the patient's allergy to cotrimoxazole, doxycycline treatment was scheduled with 100 mg twice per day for at least 1 year.
DISCUSSION
In this report, we describe a rare case of postoperative eye infection in which T. whipplei was identified as the causative agent. Empirical treatment with instillation of vancomycin and amikacin plus topical ofloxacin, supported by intravenous ceftriaxone and oral cefpodoxime, respectively, led to significant improvement of the patient's symptoms before the pathogen could be identified. Eye infections after eye surgery or intravitreal injections performed in an operating room are commonly caused by coagulase-negative staphylococci and other Gram-positive bacteria [17, 18] . Postoperative endophthalmitis caused by T. whipplei is extremely rare. On describing the first case of postoperative ocular WD in 2008, Drancourt et al. retrospectively analysed cases of Whipple eye infections [19] . Among 19 patients, 11 had undergone eye surgery prior to diagnosis of Whipple uveitis [20] . Similar to our patient, they had received topical steroids in the context of cataract surgery and then developed symptoms of chronic postoperative pan-endophthalmitis. Other clinical manifestations of eye involvement in WD were described earlier, such as vitritis, (chorio-)retinitis, (pan-)uveitis, papilloedema, optical atrophy, retinal haemorrhage and crystalline keratopathy [21] [22] [23] [24] [25] [26] [27] [28] [29] .
Chiquet et al. showed that identification of bacteria in endophthalmitis patients by culturing may lead to falsenegative results, especially when the patient has received antibiotics before the sample is drawn, and concluded that eubacterial PCR should be performed complementary to standard microbial culturing [30] . This procedure is also recommended by the guidelines on endophthalmitis following cataract surgery of the European Society of Cataract and Refractive Surgery [31] .
Evaluation of data obtained in the diagnostic laboratory of the Institute for Hygiene and Microbiology at the University of Würzburg over a 3-year period (2014-2016) showed 46 cases of suspected bacterial endophthalmitis that had been examined via conventional microbial culture and 16S rDNA Fig. 1 . Products of (a) 16S rRNA PCR and (b) T. whipplei-specific PCR, documented with the QIAxcel ScreenGel system (Qiagen). The size of the amplicon from the eubacterial 16S rRNA PCR is about 800 bp, which is somewhat species-dependent. In the T. whipplei-specific PCR, the anticipated size is 284 bp. M: marker with band sizes as indicated, N: negative control, P: positive control, S: patient sample. PCR plus sequencing as described above. Twenty-one vitreous body aspirates, 10 aqueous humour samples and 15 aspirates of undefined origin were included. In 22 cases, cultures remained sterile; among material from these 22 cases, four were detected as positive by 16S rDNA PCR. Thus, 18 % of all specimens without evidence of microbial growth were found to give false-negative results. Sequence analysis of the 16S rRNA gene revealed viridians streptococci, Moraxella nonliquefaciens, T. whipplei and one polymicrobial infection. Identification was based on sequence alignment with five different databases: NCBI nucleotide BLAST, leBIBI, SepsiTest, Greengenes and RDP_II [12] [13] [14] [15] [16] .
Fastidious bacteria were exclusively identified by PCR, while Gram-positive cocci as the most common pathogens in postoperative eye infections could be diagnosed by culture and verified by PCR. A possible explanation for the positive PCR and negative culture results is the loss of bacterial viability, which may occur if the sample transportation exceeds the critical time limit for fastidious bacteria [32, 33] . Nonetheless, bacterial DNA is still present in these samples and can be detected by PCR.
In three cases, cultures showed growth of Staphylococcus epidermidis or Propionibacterium acnes, while the native aspirate tested negative by PCR. This might be due to the fact that the sensitivity of the 16S rDNA PCR employed was limited to 100 genome equivalents in aqueous solution to reduce the number of false-positive results caused by spurious amounts of pervasive bacterial DNA. In contrast, microbial culture is significantly more sensitive for nonfastidious bacteria. Another explanation might be the degradation of bacterial DNA during storage, as PCR is routinely performed only during weekdays at our microbiology department and samples are meanwhile kept at 4 C [34, 35] . However, we cannot exclude the possibility that these cultures might have been contaminated and the PCR had therefore remained sterile (Table 1) .
Conclusion
This report shows how standard microbiological culturing may fail to identify the causative agent of acute endophthalmitis and emphasizes the importance of complementary methods, such as 16S rDNA PCR. Postoperative eye infections due to T. whipplei are extremely rare; nonetheless, 16S rDNA PCR should be routinely performed on vitreous samples additional to standard microbial culturing to identify fastidious bacteria.
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